Acute-on-chronic hepatitis B liver failure (ACHBLF) refers to the acute deterioration of liver function during chronic hepatitis B virus infection, and is associated with high mortality, with rapid progression to death. Nucleotide-binding oligomerisation domain-like receptors (NLRs) Family Pyrin Domain Containing 3(NLRP3) inflammasome contributed to the pathogenesis of D-galactosamine and lipopolysaccharide-induced acute liver failure. However, the profile of NLRP3 in patients with ACHBLF has not been demonstrated. This study was therefore conducted to investigate the expression of NLRP3 in patients with ACHBLF and identify the effect of glucocorticoid on NLRP3. We recruited 70 patients with ACHBLF undergoing glucocorticoid treatment for 28 days, 30 patients with chronic hepatitis B (CHB), and 24 healthy controls (HCs) in this study. The relative messenger RNA (mRNA) level of NLRP3 and related genes were measured by reverse transcription polymerase chain reaction, the plasma levels of interleukin-1β (IL-1β) and interleukin-18 (IL-18) were measured by enzyme-linked immunosorbent assay. The mRNA level of NLRP3 was significantly higher in patients with ACHBLF than in patients with CHB as well as HCs (P<0.05). The plasma levels of IL-1β and IL-18 in patients with ACHBLF were significantly higher than in patients with CHB and HCs (P<0.05). The relative mRNA level of NLRP3 in surviving patients decreased significantly compared with that in patients who did not survive after glucocorticoid treatment (P<0.05). In conclusion, NLRP3 increased in patients with ACHBLF. Glucocorticoid could downregulate the expression of NLRP3 in surviving patients with ACHBLF.
Introduction
Because of its devastating effect on liver function, hepatitis B virus (HBV) poses a serious threat to the health of humans; approximately 360 million people around the world have been found to be positive for hepatitis B surface antigen (HBsAg) [1] . A variety of liver diseases such as hepatocellular cirrhosis, hepatocellular carcinoma, and acute-onchronic hepatitis B liver failure (ACHBLF) could possibly occur with the development of chronic HBV infections [2, 3] . Among those liver disorders, ACHBLF is considered to be the most serious because of the acute deterioration of liver function, multiorgan failure, and high mortality rates of 50% to 90% [4] [5] [6] . It has been estimated that up to 0.12 million people in Asia die of ACHBLF annually [7] . Liver transplantation is the primary rescue therapy strategy thus far, but it is highly limited by scarcity of liver donors and other reasons such as medical expense [8, 9] . Developing effective therapy methods while minimising the dependence of liver transplantation on the external liver source would be a better strategy to deal with ACHBLF. Nevertheless, the unclear pathogenesis of ACHBLF highly restricted the advancement of new treatment methods. It is thus
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important, yet challenging, to provide insight into the mechanism of ACHBLF development.
According to the primary pathological mechanism, dysregulated immunity by HBV infection and cell-mediated lymphocytotoxicity reaction result in an imbalance of proinflammatory cytokines which leads to the development of ACHBLF [10, 11] . NLRP3 is related to innate immunity and can produce proinflammatory cytokines via caspase-1 [12] . Inflammasomes are cytosolic sensors that detect pathogen infections, tissue damage, or metabolic imbalances, and are helpful in maturation and release of several proinflammatory cytokines. The NLRs family consists of NLRs family pyrin domain containing 1(NLRP1), NLRs family pyrin domain containing 3(NLRP3), and NLRs family CARD domain containing 4 (NLRC4). NLRP3 and absent in melanoma 2 (AIM2)-like receptors are basic components of inflammasomes [13, 14] . NLRP3 is the best characterised inflammasome that can recognise a range of substances including pathogen-associated molecular patterns, danger associated molecular patterns, and environmental irritants [15] . NLRP3 inflammasome activation contributes to the maturation of caspase-1, which further cleaves pro-interleukin (IL)-1β and pro-IL-18 into mature forms [16, 17] . Studies in recent years reveal that NLRP3 plays a pivotal role in liver cirrhosis development [13] and it has a relationship with proliferation and metastasis of hepatocellular carcinoma [18] . Its activation also results in hepatocyte pyrotosis and the accelerated progression of NAFLD to NASH [10, 15] .
In this study, we aimed to investigate NLRP3 messenger RNA (mRNA) expression in peripheral blood mononuclear cells (PBMCs) from patients with ACHBLF and explore the potential effect of glucocorticoid on NLRP3 in this disease.
Materials and Methods

Study population
This study consisted of 124 patients admitted to Qilu Hospital of Shandong University May 2016 through December 2017. There were 70 patients in whom ACHBLF was diagnosed, 30 patients with CHB, and 24 healthy volunteers as controls. Patients with CHB received their diagnosis based on being positive for HBsAg for at least 6 months. According to the Asian Pacific Association for the Study of the Liver [19] , patients with ACHBLF were identified with the following characteristics: (a) CHB history; (b) progressive jaundice (TBIL 85mmol/L); (c) increasing international normalised ratio (INR) of 1.5 or decreasing prothrombin activity (PTA) to 40%; and (d) onset of ascites and/or hepatic encephalopathy (HE) within 4 weeks. Exclusive criteria included co-infection with human immunodeficiency virus; hepatitis C virus; and hepatitis D virus; autoimmune liver diseases; metabolic liver disease; severe alcohol abuse; pregnancy; and liver tumours. The flowchart of selection of participants is shown in Figure 1 .
Before this study, no patients had used corticosteroids for more than 6 months. Conservative treatment including nutritional support, disinfection and isolation especially oral care, reduction of aminotransferase, hepatoprotective medicines that can promote the regeneration and the repair of damaged hepatocytes and protect or mitigate injury to hepatocytes was provided to patients with ACHBLF. Before the glucocorticoid treatment, 39 patients received antiviral therapy and 31 patients did not. Of the 39 patients undergoing antiviral treatment, 25 underwent entecavir treatment at a dose of 0.5 mg daily and 14 patients received 10 mg of adefovir per day. In addition, of the 39 patients, 3, 9, 11, and 16 underwent antiviral treatment for 1 to 6 months, 6 to 12 months, 12 to 24 months, and more than 24 months, respectively. After ACHBLF was diagnosed, nucleoside analogues such as adefovir and entecavir were administered to patients to inhibit viral replication when serum HBV-DNA level was more than 10 4 copy/mL [19] . Fifty-six patients underwent antiviral treatment. Among the 56 patients, 36 received entecavir treatment at a dose of 0.5 mg daily and 20 patients were administered 10 mg of adefovir per day.
After the diagnosis of ACHBLF was made, patients received the following 28-day prescriptions [20] : if treated with methylprednisolone (MSPL), it was given at 1 mg/kg/day (average: 80 mg/day) for the first 3 days. MSPL 0.75 mg/kg/day (average: 60 mg/day) was given for the second 3 days. MSPL 0.5 mg/kg/day (average: 40 mg/day) was given for the third 3 days. If treated with prednisolone (PSL), it was given at 0.75 mg/kg/day (average: 60 mg/day) for the first 3 days. PSL 0.5 mg/kg/day (average: 40 mg/day) was given for the second 3 days. PSL 0.25 mg/kg/ day (average: 20 mg/day) was given for the third 3 days. Next, the glucocorticoid doses were reduced by 5 or 10 mg at least every 4 days until the end of the 28th day for a complete withdrawal. The 3-month follow-up was set as the onset of the diagnosis of ACHBLF. The outcome was defined as death or survival at the end of the 3-month follow up. This study was approved by the local Ethical Committee of Qilu Hospital of Shandong University, and was conducted according the Declaration of Helsinki [21] .
RNA and complementary DNA preparation from PBMC
Five mL of peripheral blood was obtained from all patients. PBMCs were collected after density gradient centrifugation with Ficoll-Paque Plus (GE Healthcare, Uppsala, Sweden). PBMCs were then washed three times with phosphate buffered saline. Total RNA of PBMCs was extracted by TRIzol (Invitrogen, Carlsbad, CA, USA). Two micrograms of RNA were reverse transcribed into complementary DNA (cDNA) using a first-strand cDNA synthesis kit (Thermo Fisher Scientific, Waltham, MA, USA).
Real-time PCR
Reverse-transcribed cDNA were subsequently subjected to real-time PCR analysis using a CFX96™ Real-time System (Bio-Rad) with a SYBR Premix Ex TaqII kit (Takara). The PCR protocol was 95℃ for 30 s, followed by 35 cycles of 95℃ for 5 s, 60℃ for 30 s, and the last step of 72℃ for 30 s. The primers were shown as follows: NLRP1-Forward: 5′-CCAGTTTGTGCGAA TCCA-3′; NLRP1-Reverse: 5′-CCAACGTAGAACTCC GAGAA-3′; NLRP3-Forward: 5′-TGAACAGCCACCT CACTT-3′; NLRP3-Reverse: 5′-CAACCACAATCTCC GAAT-3′; NLRC4-Forward: 5′-CAATAGCCGAGCCC TTAT-3′; NLRC4-Reverse: 5′-AGCCAAATCGTCCAA GTC-3′; caspase-1-Forward: 5′-CCGTTCCATGGGTG AAGGTA-3′; caspase-1-Reverse: 5′-ACGTGCTGTCA GAGGTCTTG-3′; IL-1β-Forward: 5′-ACAGTGGCAA TGAGGATG-3′; IL-1β-Reverse: 5′-TGTAGTGGTGGT CGGAGA-3′; IL-18-Forward: 5′-ATAGCCAGCCTAG AGGTA-3′; IL-18-Reverse: 5′-ATCAGGAGGATTCAT TTC-3′; β-Actin-Forward: 5′-AGTTGCGTTACACCCT TTCTTG-3′; β-Actin-Reverse: 5′-CACCTTCACCGTT CCAGTTTT-3′.
Enzyme-linked immunosorbent assay
Human IL-1β and IL-18 enzyme-linked immunosorbent assay (ELISA) kit (4 A Biotech Co., Ltd, Beijing, China) were used to detect IL-1β and IL-18 in plasma according to the manufacturer's instructions. The results were measured at 450 nm within 10 minutes using an enzyme-labelled instrument (Awareness USA).
Western blot analysis
Total protein was extracted from PBMCs. Briefly, the protein (30 μg/lane) was separated in 10% sodium dodecyl sulphate polyacrylamide gel and then transferred to a poly (vinylidene fluoride) membrane. NLRP3 (Cat No. TA336883), caspase-1, and IL-1β were detected by responding rabbit immunoglobulin G antibody (1:1000; Abcam). The results were visualised by the enhanced chemiluminescence system (Amersham, Arlington Heights, IL, USA).
Clinical characteristics collection
Alanine aminotransferase (ALT), aspartate aminotransferase (AST), albumin (ALB) and creatinine (Cr), and total bilirubin (TBIL) were measured with COBAS integra 800 (Roche Diagnostics, Basel, Switzerland). HBsAg and hepatitis B e antigen (HBeAg) were measured through an electrochemiluminescence assay (Roche Diagnostics Ltd, Mannheim, Germany). HBV DNA was assayed by ABI 7300 PCR System (Applied Biosystems, Foster City, CA, USA). PTA and prothrombin time-international normalised ratio (PT-INR) were detected using ACL TOP 700 (Instrument Laboratory, Lexington, MA, USA). In addition, a model for end-stage liver disease (MELD) score was calculated according to the following original formula:
(aetiology: 0 if cholestatic or alcoholic; 1 otherwise).
Statistical analysis
Quantitative variables were expressed as mean ± standard deviation; categorical values were expressed as number (percentage). Differences in quantitative variables were analysed using Mann-Whitney U and Kruskal-Wallis tests. Differences in categorical variables were analysed using chi-square test. Spearman correlation was used to evaluate the correlation between variables and the diagnostic value of NLRP3. Statistical analyses were performed with SPSS 21.0 (SPSS, Chicago, IL, USA). All statistical tests were two-sided and value of P < 0.05 was considered to be statistically significant.
Results
Basic characteristics
Data on mRNA expression levels of target genes were collected from 70 participants with ACHBLF before and after treatment, 30 patients with CHB, and 24 healthy controls. The basic demographic and clinical characteristics of the 124 participants are listed in Table 1 . There was no significant relationship between ACHBLF and CHB with respect to HBeAg (P=0.979; Mann-Whitney U test), HBV DNA (+/-) (P=0.196; Mann-Whitney U test), HBV DNA (log copies/ ml) (P = 0.719; Mann-Whitney U test). There was also no significant difference between ACHBLF, CHB, and HCs in regard to sex (P = 0.088; Kruskal-Wallis H test), age (P = 0.058; Kruskal-Wallis H test). However, there was an obvious difference among ACHBLF, CHB, and HCs with respect to ALT, AST, Cr, TBIL, INR, PTA (%), ALB (P<0.001; respectively, Kruskal-Wallis H test). Of the 70 patients with ACHBLF, 59 (84.29%) had liver cirrhosis and 11 (15.71%) did not.
Expression of inflammation genes in different groups
To investigate which molecular group of NLRs plays an important role in ACHBLF, we examined the relative mRNA expression levels in the PBMCs. Mean relative mRNA levels of NLRP1 in patients with ACHBLF, patients with CHB, and healthy control patients were 0.220 ± 0.429, 0.112 ± 0.192, and 0.158 ± 0.102, respectively. No clear differences between these three groups were found (P>0.05). Similarly, the mean relative mRNA levels of NLRC4 also show comparable results (P>0.05) in patients with ACHBLF (0.453 ± 0.567), or CHB (0.302 ± 0.512), and healthy controls (0.662 ± 1.133). In contrast, the mRNA level of NLRP3 in patients with ACHBLF (1.34 ± 0.98) is significantly higher than those of the other two groups as shown in Figure 2A -C (patients with CHB and HCs), whereas the HCs present a minimum level of 0.230 ± 0.223 (P<0.01) compared to the 0.837 ± 0.716 of CHB group (P = 0.013). 
Expression of NLRP3-related cytokines and genes
Because NLRP3 was shown to be involved in ACHBLF, we tried to further study its related cytokines and genes. The plasma levels of IL-1β and IL-18 were measured by ELISA. Both cytokines increased significantly in patients with ACHBLF (IL-1β 3722 ± 2346 pg/L, IL-18 524.9 ± 90.6 pg/L) compared with those of patients with CHB (IL-1β 2140 ± 1158 pg/L, IL-18 365.7 ± 62.79 pg/L, both P<0.01) and HCs (IL-1β 1160 ± 962.6 pg/L, IL-18 280 ± 68.63 pg/L, both P<0.01). We also observed that levels of IL-1β and IL-18 in patients with CHB are higher than those of HCs (both P<0.01, Figure 2 
Correlation between NLRP3 mRNA expression and clinicopathologic features
Then, we analysed the correlation between NLPR3 mRNA levels and clinical parameters using Spearman analysis. We found that the expression of NLRP3 mRNA was significantly positively associated with TBIL (r = 0.290, P = 0.015), and MELD (r = 0.268, P = 0.025; Figure 3A, B) , and negatively correlated with ALB (r = -0.311, P = 0.009) and PTA (r = -0.332, P = 0.005; Figure 3D , E). There was no correlation between NLRP3 mRNA level, and Cr (r = 0.168, P = 0.165), ALT (r = 0.091, P = 0.454), and AST (r = 0.178, P = 0.141; Figure 3 E-G).
NLRP3 and related cytokines/genes decreased in surviving patients after glucocorticoid treatment
At the end of the 90-day follow-up period, 38 patients with ACHBLF survived after 28 days of glucocorticoid treatment. To investigate how glucocorticoid affected NLRP3 and related cytokines/genes, we chose the 7th and 28th days of glucocorticoid treatment for evaluation. Before treatment, there was no difference in NLRP3 mRNA levels in surviving patients (1.512 ± 1.105) and non-survivors (1.136 ± 0.777, P = 0.111). After 7-day treatment, surviving patients (0.555 ± 0.646) still had similar expression of NLRP3 with non-survivors (0.907 ± 0.998, P=0.08). However, with 28-day treatment, surviving patients (0.514 ± 0.460) had higher expression of NLRP3 than non-survivors (1.296 ± 1.034, P<0.01; Figure 4A ).
There is no clear difference in caspase-1, IL-1β, and IL-18 mRNA levels between surviving patients (caspase-1 1.029 ± 0.722, IL-1β 1.424 ± 0.764 and IL-18 0.079 ± 0.109) and non-survivors (caspase-1 0.899 ± 0.510, P = 0.398; IL-1β 1.243 ± 0.752, P = 0.324; IL-18 0.048 ± 0.033, P = 0.123). On the seventh day of treatment, the mRNA levels of caspase-1, IL-1β, and IL-18 of surviving patients (caspase-1 0.647 ± 0.520, IL-1β 1.059 ± 0.496 and IL-18 0.018 ± 0.019) were lower than those of non-survivors (caspase-1 1.029 ± 0.759, P<0.01; IL-1β 1.568 ± 0.582, P<0.01; IL-18 0.057 ± 0.078, P<0.01). This trend was retained on the 28th day of treatment: mRNA levels of caspase-1, IL-1β, and IL-18 were lower in patients who survived (caspase-1 0.467 ± 0.305, IL-1β 0.690 ± 0.417 and IL-18 0.007 ± 0.007) than in those who did not (caspase-1 1.005 ± 0.698, P<0.01; IL-1β 1.651 ± 0.500, P<0.01; IL-18 0.071 ± 0.070, P<0.01; Figure 4B-D) . Using western blot analysis, we also detected the protein levels of NLRP3, caspase-1, cleaved caspase-1, pro-IL-1β, and IL-1β in patients who survived. As shown in Figure 4G , with the treatment of glucocorticoid, the activation of caspase-1 and IL-1β production in patients who survived was decreased. Glucocorticoid could alter mortality by decreasing the expression of NLRP3.
Glucocorticoid effect on liver function in patients with ACHBLF
TBIL and PTA, as the major laboratory indices, were used to assess patients with ACHBLF. Before treatment, there was no difference in TBIL and PTA between patients who survived (TBIL 307.2 ± 164.4; PTA 34.63 ± 7.111) and those who did not (TBIL 350.9 ± 137.8, P = 0.238; PTA 32.81 ± 7.195, P = 0.293). On the 7th and 28th days of treatment, TBIL decreased and PTA increased in patients who survived (P<0.05), but both remained the same in those who did not survive (P>0.05) ( Figure 4E, F) .
Discussion
In our study, we first investigated the NLRs mRNA level in PMBC from 70 patients with ACHBLF, 30 patients with CHB, and 24 HCs to determine which molecular patterns take part in the progression of ACHBLF. Our data showed that NLRP3 increased significantly. Then, we measured the NLRP3 and related cytokines/genes. Our results show that the NLRP3 mRNA level in patients with ACHBLF is higher than in patients with CHB and in HCs (Figure 2 ). The trend was also observed in caspase-1, IL-1β, and IL-18. All the aforementioned results suggested that NLRP3 may be involved in the development of ACHBLF. According to the Spearman analysis, NLRP3 mRNA level in PBMCs from patients with ACHBLF is found to be positively correlated with TBIL and MELD, while negatively correlated with PTA and ALB ( Figure 3) . These results indicate that NLRP3 might be associated with the severity of ACHBLF.
There are many reasons that ACHBLF occurs. The reactivation of HBV was considered the leading cause of ACHBLF [19] . Patients with ACHBLF caused by hepatotoxic drugs and herbal medicines account for a large number in the Asia-Pacific region [22, 23] . Alcohol abuse was also a major cause of ACHBLF [24] . Various types of infections could contribute to liver failure, including bacterial, parasitic, fungal, spirochetal, protozoal, and helminthic in patients with CHB [19] . ACHBLF is regarded as the most serious liver impairment because of its acute deterioration of liver functions, multi-organ failure and high mortality of 50-90% [4] [5] [6] . Glucocorticoid can prevent hepatocytes from necrosis and progressive acute deterioration by protecting cell membrane, lysosomal enzymes, and mitochondria [11, 25] . Glucocorticoid can rapidly inhibit excess immune response and inflammatory reaction, and has been confirmed to be effective in early stage of ACLF [26] . NLRP3 inflammasome is a large intracellular multiprotein complex that consists of an inflammasome sensor molecule (NLR) and adaptor proteins, such as apoptosis-associated speck-like protein containing a caspase-recruitment domain (ASC) and the precursor procaspase-1 [27] . NLRP3 was the best characterised member of the NLR family, and it is critical in regulating innate immune response. NLRP3 inflammasome activation leads to the maturation of caspase-1, which further cleaves pro-IL-1β and pro-IL-18 into mature forms. In our study, the mRNA level of NLRP3 of ACHBLF patients was higher than that of patients with CHB and HCs. NLRP3 downstream gene caspase-1 was also activated, and this is consistent with NLRP3-caspase-1 inflammasome as a critical inflammatory mediator propelling the host response against infection, injury, and disease [28] . The expression of proinflammatory cytokines increased significantly under liver failure [29] , and we found the mRNA level of IL-1β and IL-18 in patients with ACHBLF was higher than that of CHB and HCs in this study. The result was also confirmed by the plasma level measured through ELISA. TBIL and PTA are often used to judge patients with ACHBLF, and we found that the NLRP3 mRNA level of these patients was positively correlated with TBIL and negatively correlated with PTA. All results indicate that NLRP3 makes a contribution to the progression of ACHBLF and is related to disease severity. Both dynamic changes of NLRP3 and related cytokines/ genes decreased gradually in patients who survived during glucocorticoid treatment in our survey. These results demonstrate that glucocorticoid can decrease IL-1β and IL-18 by downregulating NLRP3.
There are some limitations to this study. First, the number of patients with ACHBLF who received 28 days of glucocorticoid treatment is relatively small. We believe that the validation of our findings would be performed in larger, multicentred, prospective cohorts before its clinical usage. Second, coagulopathy and high bleeding risk made it unfeasible to obtain liver biopsy specimens from patients with liver failure. So it is impossible to detect the NLRP3 expression in liver tissue directly. Third, NLRP3 was also considered to lead to pyroptosis, which was responsible for liver failure; its precise mechanism of pathogenesis remains to be determined [30] .
In summary, our results demonstrated that the expression level of NLRP3 is increased and positively correlated with disease severity in patients with ACHBLF. The findings suggest that NLRP3 may take part in the pathogenesis of ACHBLF disease. Our results also showed that the expression of NLRP3 decreased gradually after glucocorticoid treatment in patients who survived. The findings further indicate NLRP3 may play a role in pathogenesis of ACHBLF disease.
